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INTRACELLULAR DELIVERY OF BIOCHEMICAL AGENTS 
FieMof thelnventinn 

This inventxan relates to carrier pqytides useful to cteliver to an intracellular location 
various biochemical agents, such as protein-based and nucldc acid-based drugs and 
diagnostic agents. More particularly, the invention relates to chemical conjugates, in which a 
selected agent is coupled chemically to a carrier peptide which facilitates delivery of the 
agent to an intracellular location, espedaUy the cell nucleus. 

Tbe types of pharmaceutical agents available for diagnosing, treating and curing 

disease now varies widely, with the adv^t and successful qipBcation of various new 

biotechnological techniques. In addition to the traditional "small molecules" prepaitd by 

organic chemical synthesis, the pharmaceutical and diagnostic industries now have at their 

diq)osal such agents as recombinant protein products as well as latioD^Sty designed peptide 

compounds that are able to modulate sdected genetic events. Similarly, nucleic acid-based 

compounds have been rationally designed for use eiflier as tha:q>eutics or as diagnostic 

ag^, to modulate sped&cdhilar events or to probe for goietic information^^ 
value. 

Unlike the tradittonal phannac^itical compo un ds however, many of the moie recently 
deigned agents are only poorly taken up by the intended taiget cells and tissues. Asa 
result, theny)eutic efficacy of many current drugs is inadequate, and administration of large 
and potentially toxic drug doses are required in order to elicit clinical^ beneficial effects. 

It would accordingly be desirable to provide means for feciHtating the uptake of 
biochemical agents targeted for intracdhilar delivery. 
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nummary of the Invention 

In the present invention, a biochemical agent selected for intraceDular delivery is 
coupled chonically to a pqjtide carrier which facilitates cellular uptake of the selected agrat 
5 Paiticularly, the present inv^on employs as carrier a pqjtide comprised mainly of 
positivdy charged D-amino adds. It has been found that such peptides are paxticulariy 
amoiable to ceUolar if)take, and are cqnble additicmally of localizing m the cell nucl»is. 

Mc»e paiticulariy, and according to one aspect of the present invention, there is 
10 provided a chmical conjugate ccHnprising a biochraiical agrat selected for delivery to an 
intracdlular location, and e^iedally an intranuclear location, and a carrier peptide coupled 
chemically tl^rewith to facilitate cellular uptake of the selected biochemical agent, whemn 
the earner peptide comprised princqaUy of positively chaiged amino adds, at least 50% of 
whidi are in the D-amino add form. 

15 

Such carrier pqitides can be utilized to facilitate cellular uptake and nuclear delivery 
of various biochemical agents, iix;luding protdn-based and nudeic add-based drags and 
diagnostic agents. According to one embodiment of the pres^ inventi(m, the biochemical 
agrat sdected for deUvery is oiie cq)able of regulating gene e?^>ressira Such biochemical 

20 ageiits include, for example, polynudeoddes which hybridize to a region of genomic DNA 
which particq)ates in expression of an undesirable gene product (so^aOed "anti-sense 
polynucleotides'), and polypef^ides which int^ere with protdn/nucleic add intenicti£ms that 
mediate expression of undesrable gene products, such as gene products of viruses and other 
patfiQgens, as wdl as products of aberrant human and other mammgii^n genes* The strategy 

25 hmin described may also be zppliBd to introduce such oth^ biochonical agents as 

Qx>ly)saccharides, as weD as small molecule pharmaceuticals sudi as steroids and NSAIDS, 
and diagnostic agents such as labelled molecules. 



30 



In another aspect of the present inventbn, there is provided a method effective to 
introduce a bioctemical agent into the nudeus of mammalian cells, which comprises the step 
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01 biing^ into contact with the cells a chemical conjugate comprisiDg the biochemical agent 
and a carrier pq)Cide coi^lcd chemically therewith, wherdn the canin* fepdtic is comprised 
principaDy of positively charged amino acids, at least 50% of which are D-amino adds. 



5 In a further aspect of the present invention, a phannaceutical composition is provided 

including a phannaceotically acceptable exdpient conqxnmd in combinatira with a chemical 
conjugate conaprising a biochemical agent selected for deUv^ to an intracdhilar location 
and a carrier pq)tide coupled chemicaDy therewith to fralitate cellular uptake of the selected 
biochonical agent, wherein said carrier pcpdd& is comprised principally of positively charged 
10 amino adds, at least 50% of which are in the D-isomer form. 

These and other aspects of the present invention are now described with leferraice to 
the accompanying drawings, in which: 



15 Brief Reference to the Drawinpg 

Figures 1 and 2 illustrate tissue distribution of a carrier pq)tide of the present 
invention. 



Pctafled PescriPtion of the Invention and Pre ferred Embodiments 

The inventioii relates to chemical conjugates in which a carrier peptide amenable to 
cell uptake is coupled chemically with a biocl^nical agrat selected for intraceOular deliva^. 

To achieve intracellular ddivery of the selected biochemical agent, thepreseat 
invention ai^loys as carrier a p^de that is comprised princ^>a^y of indepeadently selected 
positively charged amino adds, at least 50% of which are in the non-naturally occurring, D- 
form. The term "positively charged" amino add refers to an amino add having a dde chain 
that is cationic in nature at neutral pH aru! in aqueous solution. Such positively charged 
amirK> adds indude, for example, the naturally occuniiig amino adds such as arginine and 
lysine, as well as analogues thereof which retain a positively charged side ctain. 
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With re^^ect to carrier pqjtide coinposition, the term •comprised principally T 
positively charged amino acids refers to a carrier pqitide in which at least 2/3, more 
desirably 9/10 of the amino acids resident in the carrier pqrtide are positively charged amino 
acids. TTiat is, it should be undostood that the ability of the carrier peptide to facilitate 
uptake can be retained despite the incoiporation of negatively charged r neutral charged 
amino adds. Tlie limit of ntm-positively charged amino add incoiporation will of course 
depend on the relative number of positively chaiged amino acids in the carrier pq>tide, and 
thus on the Iragth of the carrier pq>tide. The number of amino adds in the carrier peptide is 
chosen so that effidency of celhilar uptake of the conjugate is oi^imized. Generally, the 
carrier pq>tide will comprise at least three amino acids, up to about 30 amino adds. A 
greater number of amino adds may be incwporated, although effidendes of production may 
be reduced. 

According to one embodiment of the invention, the carrier peptide consists of from 5 
to 10 indepnidently selected, positively charged amino adds. In a prefmed embodiment, 
the carrier pq^de consists of 7, 8 or 9 mdepoidently selected, poativdy charged amino add 
residues. According to a spedfic embodimem of the invention, anuno acid coxnpone^ 
the canier pqjtide are selected indqiendently firwn lysine or arginine. In a preferred 
embodiment of the invention, the carrier peptide consists of arginine residues. 

Of theaminoaddcompcneotsof thecarii^pq^, atlea5t50% are in the D-fbrm. 
That is, a random mixture of L-form and D-fonn amino adds may be incoiporated. 
Desirably, a greater proportion of the amino adds are in the stability-enhanced D-fbrm. 
According to a prefened embodiment of the invention, the carriw peptide consists essentialty 
of positivdy charged D-fonn amino adds. 

According to a particularly preferred embodim^ of the present invention, the canier 
pqrtide consists of 7, 8 or 9 aiginines, all of which are in the D-fbnn. 
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To exploit the fedlity with which the earner pqitide is taken up by ceUs, the selected 
biochemical agent is coiq>led dther diiectly or through a linking agent to one of the flanks of 
the carrier pqrtide, ie. either to the C-termimis or to the N-tenninus, or is Mnked tising a 
cross-linking agent to one of the derivatizable functional groups available on the carrier 
5 pq>tide, e.g., a functional group on an amino add side chain. 

It win be qjpreciated by one of skill in the ait that the chemical conjugate of the 
present invwition may inchide multiple biochemical agents per carrier peptide. This is 
particulariy feasible in those instances where several similar reactive sites exist on a carrier 
10 pqrtide. For example, a poly-arginine carrier pqptide inchxdes not only an ani^ 

N-tenninus, but also inchides multq)le amino groups in the R-groups of aiginme which all 
have the potential to react with a selected biodi^cal agent 

A variety of biochemical agents may be coiq>led to the carrier peptide to facilitate 
15 their delivery to the intracellular ^ivironment. For example, the biochraiical agent selected 
for delivery may be one c^>able of modulatmg gene expiesAon, usually in a way that is 
advantageous for disease treatm^ A variety of gene regulating biochemical agoxts are now 
under clinical and research investigation, inchiding oligonucleotides and polypeptides. 

20 Oligonucleotides selected for tntraceOular delivery may be modulators e.g. 

antagonists, of gene expression which bybtidize wi^ regions of goiomic DNA that mediate 
es^ression, for example of usdeaiable gene products. The so^alled anti-sense 
oligonucleotides rqwesent one such dass of oHgcmocleotides that may be selected for 
mtranudear delivery using a carrier pq>tide of the present invention. These anti-sense 

25 oligonucleotides hybridize to regions for example of proviruses, aixl frustrate tt» 

transmpti(Hial event leading to viral replication. Aheraativdy, die oligonucleotides may be 
useful as g^ietic probes which hybridize to a gene or gene region that is diagnostic of an 
aberrant genetic ccmxposition. For dkgnostic oligcmucleotides, a reporter molecule will 
typically be incorporated on the oligonucleotide, so that its location can be detected following 

30 binding to the probed she. 
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The carrier peptide may also be coupled to a selected pq^de agent, to fecOitate 
ceUular uptake of the pq)tideagQiL A wide variely of pq)tide agents may be employed, 
including those having therapeutic utility. According to one embodiment of the invention, 
the peptide agent is an anti-viral pqrtide. Among the anti-viral p^dcs that may be 
delivered using the carrier pqrtide strategy herein described are domains of the HIV proteins 
such as gpi20 and gpl60. and anti-hwpetic pqjtides such as the sequence Val-Val-Asn-Asp- 
Leu (see US 4,845,195). 

Other pqrtides that may usefully be delivered intracellulariy through the aid of a 
conjugated carrier pqjtide include those useful as vaccines, such as a peptidic antigen firon a 
microbial pathogen e.g. virus or bacterium, that when delivered intracellulariy raises an 
immune refuse following elaboration of the antigen on the target cefl surface. 

F6r coupling to the sdected biochemical agent, the carrier peptide may first be 
prepared using the established solid- or solution ]^ias6 techniqnes of protein synthesis now 
standard in the art, and recited in our co^)aiding published PCX patrat application WO 
92/07871. Once obtained, the canier peptide inay be released and isolated for subsequent 
coupling to a biochemical agent selected for delivery. Alternatively, in the case where the 
selected biochemical ag^ is itself a peptide, the diwnical conjugate can be synthe^zed in 

using the peptide syntheastedmique. In this case, the peptidic agent may occupy cathw 
the C-terminus or the N-tenninus of the chemical conjugate. 

Where the selected biochemical ag^ is non^ieptidic, e.g. an oligonucleotide, each of 
the carrier peptide and oligonucleotide are synthe^zed sqwiately and subsequently comboned 
for chonical coupling. The synthesis of oligonudeotides, eidier of RNA or DNA structure, 
by automated production is now well estabHsbed m the art and various strategies arc 
available. F6r rdativety long ofigonudeotides, the block Kgation ajiproach ma 
employed, wher*y "blocks* of oligonucleotide pairs arc syndiesized and Hgated in correct 
succession by overtiang complanentarity. Alternatively, an oligonucleotide of the desired 
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sequence may be synthesized directly and then amplified, in intact form, using the 
polymerase chain reaction and ligonucleotide primers that anneal to the tenrrplate flanks. 

To produce the desired chemical conjugate, in which the carrier pq)tide is coupled 
5 functionally to tl» oligonucleotide to facilitate its intracellular ddivery, procedures 

estab l is he d in the art for the coupling of peptide to nucleic acid may be employed. This 
gCTerally entails the linking, via a bifunctional reagent, of the C-t»minal carboxyl group of 
the carrier pqitide to the S' hydroxyl group of the chosra oligonudeoCicte. Diols are 
particularly useful for this puipose, including ether and alkyl diols comprising from 2 to 
10 about 30 alkyl groups in the chain. A procedure for coupling a peptide to an oligonucleotide 
is described in WO89/02932 published Aprfl 6, 1989, and may also be employed, mutatfs 
mutandis, for the purpose of coupling the carrier pqjtide to the selected oligonucleotide. 

The coq>ling of biochemical agents, other than pqitides and obgcHiucleotides» to 
IS carrier pqytides to form ch^nical conjugates in accordance with the present invention are 
also encompassed. An example of such a biochonical agent is the drug m^hotreocate which 
may be condensed with the pq)tide carrier to form a methotrexate-carriea' conjugate. Briefly, 
the co nden sa t i o n reaction entails combining ^iprqpriate amounts of mediotrexate, N- 
hydroxysucdnimide and a carrier pqnide, e.g. a polyarginine pef^de, in a 10% 
20 pyridme/DMSO sohr^ Once the solids are dissolved, a suitable amount of l-etfayI-3-(3- 
dimethylaminopropyl)carbodiimide is added to the reaction mixture, the mixture is incubated 
fox up to 30 minutes aixl following irxmbation, 5 volumes of water are added. The conjugate 
may then be isolated from any unreacted compounds using methods well-known in the art, 
for example, reverse-phase liquid chromatography. The methotrexate-canier ooi^ugate may 
25 include multiple methotrexate molecules per carrier pqytide if the carrier includes several 
reactive amino groups because the reaction involves condrasing the ghitamate residue of 
methotrexate with an available reactive amino group on the carrier pqytide. 

Localization studies, as herdn described have revealed significant liver accunmlation 
30 of the p^de. Accordingly, it is e:q>ected that the carrier will be particulariy useful for 
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uelivmng to bspa6c tissue such tbmpeutic agents as are useful in treating cinbosis and in 
combatting viral infection such as hepatitis. 

In another aspect of the pres^ invention, a phannaceutical composition containing 
the diemical conjugate, consisting of the carrier p^>tide coupled to a chosen biochwnical 
agent, is provided. Such compositions can be m any form suitable for administration, 
including tablets, pills, c^sules, powders, aerosols, suppositories, creams, lotions, 
ointmrats, skin patches, parenterals, oral liquids such as suspensions, solutions and 
emulsions, and injectable liquids. The preferred admini^ble form of the composition will 
vary with the condition to be treated. 

The coniposition additionaUy comprises a phannaceuticaUy accq>table As 
used herein, the term **phaimaceutically accq>table' means acceptable for use in the 
p h a rma ceu t ical and veterinary arts, and not being toxic or otherwise unaccqytable. The 
imture of the exdpicnt will vary with the intraded mocte of administration which win also 
vary with the condrtton to be treated. Urns, compositions to be administered orally arc 
prq>ared using excipieots that are suitably combined with the corrugate for oral ingestion, 
including but not limited to sugars, starches, cellulose and derivatives thneof, wetting 
agCTts, htbiicants such as sodium lauryl sul&te, stabilizers, tabletting agents, anti-oxidants, 
preservatives, colouring ag^ and flavouring agents; while compositions to be administered 
by injection are prqnred by omibmation with liquid exdpients inchiding, for example, 
buffered or physiological saline solutions. 

Tlie pres^ pharmaceutical composition comprises a therapeutically effective amount 
of the chemical conjugate. llietCTi *dteiq)eutically effective amcmm' is used beim to 
denote an amount of chemical conjugate wMch iochides respectively an amount of the active 
biochemical agent indicated for a given treatment and an amount of carrier peptide, the 
amounts of each not exceeding an amount which may cause significant adverse effects. 
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Spedfic embodiinrats of the present invention are described in the following 
Examples wtdcb are not to be construed as limiting. 

5 

Example 1 - Synthesis of ac^l-[I>Arg]9-NB2 

The title compound, designated compound 4C, was synthesized using p- 
methylbenzbydiylamine (MBHA) resin as solid si^spoit, to pnmde the C-tenninal blocking 

10 amine on the resultant peptide. Synthesis pnxreeded usmg D-aiginine residues in which the 
amino function was blocked with the t-BOC groq>» and the guanidino function was blocked 
widi the Tos group. Couplings were carried out using excess hydioxybenzotriazole (HOBt)- 
activated ester of BOC-L-Aig(Tos). Removal of die BOC protecting gioup after each cycle 
was effected with TFA. When coupling cycles were completed, the resin-bound pqydde was 

15 treated with 20% acetic anhydride in acetonitnle, to incoiporate an acetyl protecting group at 
die N-terminus thereof. Liberation of pqrtide from the rean, and removal ctf Tos groups, 
were achieved by treatment with hydrofluoric add, yielding the C-tenmnalLy amiHatftif title 
compound. After removal of hydrofluoric add, the resin/peptide mixture was washed with 
diethyl ether and extracted with aqueous ac^c add. Tie crude pepdde was lyoi^ulized, 

20 then fractionated by RP-HFLC on a Ci, silica cohmin using a gradient of 2-40% acetonitiile 
in 0.1 % TFA. Fractions were collected and checked by analytical RP-HPLC. T1x>se 
containing ^95* of the major product were combined. High resolution mass spectrometry 
showed the product to the desired con^xnmd. 

25 In the manner substantially as just described, but continning synthesis cycles as 

appropriate, there is genmted a chemical coigugate cf the sequence acetyl-[L(Val-Val-Asn- 
A^Leu)]-(l>AigVNH2, which is useful for the treatment of heipesviius. 
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Example 2 - Evidence for uptake of earner peptide 

Carbon 14 labelled peptide, produced as described in example 1, was added to cell 
5 culture growth medium (10% fetal bovine senmi (PBS), 10 ug/ml g^itamicin, 90% 

Dulbecco's modified MEM(DMEM for adhwent cells and 10% FBS, 10 ug/ml gcntamidn 
90% Iscove*s medium (IMDM for human T-cell ^xtss)} at a concentration of 10 uM. The 
specific activity of tiie labelled peptide was 2,926 CFM/nmole. These media were added to 
flasks of growing monolayers of HeLa cells and Hut 78 ceDs (human T^ell line) 
10 respectively. Duplicate flasks of each ceU line were processed at specified times after 
addition of medium containing labelled p^de (a total of 8 nmoles was added) and the 
amount of pq^tkle taken up by the cells detemined The amount of labelled canier peptide 
taken up by the cdls was then (fetermined as follows: 

IS 1. The medium was ronoved and the cdb were washed twice by coitrifiigation with 

phos|tote buffered saline (FBS). Adherent cdls were removed fn»n the sui&ce of culture 
flasks using FBS containing 2 mM EDTA before the FBS washes. 

2. The washed ceU peUets were resuspendcd in 1 ml of 10 mM Tris-HCl piH 7.5, 3 
20 mM MgC12, 10 mM NaCl, 0.5% NF-40. These ceQ suspensions w«e placed on ice for 15 

minute during which the outer membrane of the cells burst and releases the cytoplasmic 
contents of the cell leaving die nuclei intact. 

3. The m<M wm pell^ by ce ntrifu g ati on at 2000 x g for 5 minutes. 

25 

4. The cytoplasm and nuclei were sqiaiated and placed in scintillation vials contaiiung 
10 ml of the s cintillati on cocktail Ecolume, and the amount of carrier pqitide in the 
cytoplasm and nuclei of the cells was then analyzed. 
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Kesults of the e3q>erimeiit» which clearly demonstrate intiacelhxlar accumulation of the 
peptide, and significant nuclear accumulation, are tabulated below: 



HeLa ceO line 



FRACTION 


4HOURS 


24 HOURS 


48 HOURS 


1 WEEK fl 




12798 


9884 


9490 


10116 1 


waifa 


1198 


907 


943 


1813 1 




635 


2801 


2641 


2585 1 


nuclei 


293 


926 


1002 


1353 1 


1 cell total 


928 


5727 


3643 


3938 1 


1 %vpta3e» 

f imn — 


6.22 


25.67 


25.88 


24.82 i 






Hot 78 eel 


lline 






11 1 
FRACTION 


4 HOURS 


24 HOURS 


48 HOURS 


1 WEEK 




j modinni 


15575 


14121 


12705 


10191 






651 


584 


827 


108a 




cytoplunk 


772 


1061 


1396 


1477 




nsctei 


188 


619 


328 


874 




cell total 


960 


1680 


1724 


1351 




%Qpta]CD 


5^9 


10^ 


1130 


9,91 

1 I 





SDS polyacryhmide gel eteOiupbuj e sis was also employed to demonstrate the 
presence of foil length peptide in cells 6 days after enposoie of cells to labelled carrier 
pqjtide. Tins rqaesents greatly qilttnced stability in biological systems cmnpan*ri tn 
pqitides composed of Lramino adds. 
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Bxampl&3 - Distributioa of pep&te in mammalian tissues 

IMstiibutiQn of the C-14 labelled pqitide (example 2) in mice was detennined by 
S injecting mice with 0.1 uCi of labelled carri^ pqjtide intravenously (IV) (see Figure 1) and 
subcutaneously (SQ (see Figure 2). Mice w»e sacrificed at specific times foDowing 
injection over a 48 hour period. The major internal oigans were xemaved, weighed and 
sohibiiized using a tissue solubilizer designed to be compatible with scintillation codctail. The 
amount of peptide in each sample was determined using scintillation countxpg. Kesults are 
10 graphed in Figures 1 and 2. 

These studies demonstrated rqnd and efficient distribution of the cairier peptide to all 
major organs of the injected mice. The primary sites of dqposition of carrier pq)tide being 
the liv^, kidneys, splera and lungs. Accordingly, the cmiet peptide can most uselully be 
15 employed as a carrier for a biochemical agent intended for delivery in these tissues. 
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vrE CLAIM: 

L A diemical conjugate, compdsing at least one biologica] ag^ to be deliveied to an 
intiaceUular enviromnenty and a carrier pq>tide coupled chemicaUy therewith to fadlitate said 
5 defivery, wherein said carrier peptide is comprised principally of positivdy diaiged amino 
adds, at lea^ 50% of which are in the D-isomer form. 

2. A diranical conjugate according to claim 1, wherem said carrier pqjtide consists of 8, 9 
or 10 D-arginine residues. 

10 

3. A chemical conjugate according to claim 1, wterdn said carrier pqytide consists of nine 
D-arginine residues. 

4. A chemical conjugate according to daim 1, wherdn said biological zgcot is a 
15 polypeptide. 

5. A chemical conjugate according to claim 2, wherein said biological ag^ is a 
polypqitide. 

20 6. A diemical conjugate according to daim 3, wherein said biological agent is a 
polypeptide. 

7. A chemical conjugate according to daim 1, wherdn said biological ageot is a 
polynucleotide. 

25 

8. A di^cal conjugate accordmg to daim 2» wherdn said biological agrat is a 
polynucleotide. 

9. A chemical conjugate accordiiig to daim 3, wherein said biological agent isra 
30 polynucleotide. 
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10. A chemical conjugate according t claim 1, comprising a single biochemical agent 

11. A chemical conjugate according to claim 10» wheiein said tnocbemica] ag^ is coupled 
to the N-tenninus of said carrier peptide. 

12. A pfaannaceutical co m pos i tion comprising chemical conjugate as defined in claim 1 
combined with a phannaceuticaQy accq>table exdpient 
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FIGURE 1 . Pharmacokinetics of C-14 
Peptide in IV-Injected Mice 
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FIGURE 2. Pharmacx)kinetics of 14-C 
Peptide in SubQ-lnjected Mice 
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